Nearly 140,000 Canadians live with epilepsy, and many suffer social stigma and economic disadvantage as a result [1] . For patients with medically refractory focal epilepsy, surgical resection of epileptogenic tissue improves seizure control and offers the possibility of seizure freedom [2] . The presurgical workup of these patients involves a triangulation of seizure semiology, electroencephalographic data and neuroimaging data [3] . Magnetic resonance imaging (MRI) plays a critical role in the identification, localization, and characterization of epileptogenic lesions [4] . Patients with chronic focal epilepsy and an epileptogenic lesion identified by MRI have significantly better surgical outcomes, compared with patients who are considered MRI-negative [5, 6] . Early use of MRI may also benefit many patients with a first seizure or new-onset epilepsy, as the information gained from MRI can aid in counseling, help with the decision to start antiepileptic drug therapy, and expedite referral for epilepsy surgery when appropriate [7] .
MRI has been reported to detect abnormalities in 74% of patients suffering from medically refractory focal epilepsy [8] . The detection rate in this population may be as high as 91% with the use of dedicated epilepsy imaging protocols that are interpreted by experienced neuroradiologists who work at epilepsy referral centres and have access to clinical information about the seizure semiology [9] . One would expect the detection rate to be lower in the relatively undifferentiated group of patients presenting with a first seizure or with new-onset epilepsy. Indeed, in a recent study of a large cohort of patients presenting to a tertiary care centre with new-onset focal epilepsy, potentially epileptogenic lesions were identified with MRI in 53% of patients [10] .
A number of recommendations for epilepsy imaging protocols exist in the literature [4,11e16] . In general, they emphasize the use of multiplanar, multicontrast imaging to distinguish true lesions from partial volume effects, slice angulation perpendicular to the hippocampal axis to optimize the evaluation of temporal lobe pathology, a large matrix with a small field of view, and thin slices with minimal or zero interslice gap to maximize the detection of tiny lesions. Modified protocols are suggested for children and infants [13e16]. However, specific recommendations for MRI sequences vary. As a result, radiologists and clinicians who collaborate in the evaluation and treatment of patients with epilepsy may be unsure if their patients are receiving the best possible imaging care. We surveyed academic referral centres for epilepsy across Canada to provide a snapshot of current expert practice, hoping that teams caring for patients with epilepsy could use our findings as a starting point for discussion and as a benchmark for creating or modifying their own epilepsy imaging protocols.
Materials and Methods

Ethics
This study was approved by the Research Ethics Board of the Nova Scotia Health Authority (Protocol CDHA-RS/ 2015-310).
Participants
To obtain a representative sample of academic referral centres across Canada, adult and pediatric health centres affiliated with medical schools were identified in each province that has a medical school. Contact information for a neuroradiologist at each targeted health centre was obtained from the centre's website. Questionnaires were mailed to neuroradiologists at 25 centres. A follow-up electronic version was sent by email.
Questionnaire
In the preface to the questionnaire, respondents were asked to identify their hospital and medical school, answer questions about the services provided to patients with epilepsy, and describe the population served by their hospital (adult, pediatric, or both). The questionnaire proper consisted of 2 parts. The first part focused on MRI protocols for patients with a first seizure, new-onset epilepsy or newly diagnosed epilepsy (''first seizure''), whereas the second part focused on MRI protocols for patients with chronic epilepsy or medically refractory epilepsy (''chronic epilepsy'').
Respondents were asked the same questions in each part. They were asked to record the field strength of MRI scanners used for epilepsy imaging and to choose a statement that best describes protocols for epilepsy imaging at their hospital. They were then asked specific questions regarding the use of T1, T2, fluid-attenuated inversion recovery (FLAIR), proton density (PD), gradient recalled echo (GRE), and diffusion weighted imaging (DWI) sequences, and parameters such as imaging planes, slice thickness, and interslice gap. Finally, respondents were asked if specialized MRI techniques are used routinely or sometimes at their institutions, including 3-dimensional (3D) volume acquisitions, gadolinium-enhanced imaging, susceptibilityweighted imaging (SWI), magnetization transfer imaging, diffusion tensor imaging, single-voxel spectroscopy, multivoxel spectroscopy, T2 relaxometry, functional MRI, or any other specialized technique (see Supplemental Appendix S1 for the complete survey).
Analysis
Responses to the questionnaire were tabulated and analysed using descriptive statistics. Categorical data were expressed as absolute values or percentages. Continuous data were summarized by mode, maximum, and minimum values.
Results
Nineteen responses were received between January and August of 2016 (76% response rate). Responses came from Newfoundland, Nova Scotia, Quebec, Ontario, Manitoba, Saskatchewan, Alberta, and British Columbia. Seven of the responding centres serve both adult and pediatric patients, 7 serve adult patients only, and 5 serve pediatric patients only. Almost all respondents (95%) indicated that their centre is considered a referral centre for patients with epilepsy, and most indicated that their centre offers video telemetry (84%) and epilepsy surgery (79%).
For patients with a first seizure, MRI is used routinely in all centres, and a standardized, dedicated epilepsy protocol is used in 79% of centres. A routine brain protocol is used at 1 adult centre and 1 pediatric centre, respectively. A customized protocol is used at 1 adult centre and 1 combined adult and pediatric centre. Scans are performed at 1.5T in 9 centres, at 3T in 4 centres, and at both field strengths in 6 centres. For patients with chronic epilepsy, MRI is used routinely in all but 1 centre, and a standardized, dedicated epilepsy protocol is used in 95% of centres. A customized protocol is used in 1 adult centre. Scans are performed at 1.5T in 7 centres, at 3T in 5 centres, and at both field strengths in 7 centres. Figure 1 shows the use of common MRI sequences in the evaluation of patients with first seizure and chronic epilepsy. T2, FLAIR, and DWI sequences are used most commonly for both indications, whereas T1, PD, and GRE sequences are used less commonly. Multiplanar T1, T2, and FLAIR imaging is performed in many centres. Overall, there is little difference in the selection of common MRI sequences and the frequency of multiplanar imaging for the 2 patient groups. Figure 2 shows the slice orientations for MRI sequences used in the evaluation of patients with first seizure and chronic epilepsy. Coronal T2, FLAIR, and PD images are oriented orthogonal to the hippocampi in the majority of centres using these sequences. However, axial images are oriented parallel to the hippocampi in only a minority of centres, regardless of the MRI sequence used. Sagittal T1-weighted sequences are also used in 7 centres for first seizure and in 6 centres for chronic epilepsy (not shown in the figure) . At centres where T1 spin echo, T1 fast spin echo, T1-FLAIR, T2 spin echo, T2 fast spin echo, or T2-FLAIR sequences are not used routinely, 3D volume acquisitions with the corresponding contrast are used instead. Overall, there is little difference in the specific sequence prescriptions for first seizure vs chronic epilepsy. Table 1 shows the spectrum of slice thickness and interslice gap used for all reported MRI sequences. The thickest slices used in any MRI sequence are 5 mm thick, and the largest interslice gap used in any MRI sequence ranges from 1 mm for GRE sequences to 2.5 mm for DWI sequences. Slices as thin as 2e2.5 mm are in use for T1, T2, and FLAIR imaging at some centres, and examples of contiguous slices (interslice gap ¼ 0) exist for every MRI sequence. The most common slice thickness and interslice gap for T2 and FLAIR sequences are 3 mm and 0 mm, respectively. However, a small interslice gap of 0.5 mm is commonly used with FLAIR sequences in the evaluation of chronic epilepsy. Overall, there is little difference in the slice thickness and spacing for first seizure and chronic epilepsy. Table 2 shows that few specialized MRI sequences are used routinely. A notable exception is T1-weighted 3D volume imaging, which is used routinely in 14 centres for the evaluation of patients with first seizure and in 16 centres for the evaluation of patients with chronic epilepsy. Other 3D volume acquisitions, susceptibility weighted imaging and diffusion tensor imaging are used routinely at a smaller number of centres. Gadolinium-enhanced imaging is performed routinely for first seizure in only 2 centres, but it is used sometimes in 12 centres for first seizure and in 14 centres for chronic epilepsy. Spectroscopy is not used routinely, but 8 centres sometimes use single-voxel spectroscopy, and 5 centres sometimes use multivoxel spectroscopy in both patient groups.
Discussion
This survey highlights similarities and differences among MRI protocols for the investigation of epilepsy in tertiary-care centres affiliated with medical schools across Canada. All centres reported using MRI routinely for the investigation of epilepsy, and all but 1 centre considered themselves to be epilepsy referral centres. The availability of video telemetry and epilepsy surgery at the majority of these centres confirms that these centres deliver specialized epilepsy care. A standardized, dedicated MRI protocol is employed slightly more commonly in patients with chronic epilepsy than patients with first seizure, new-onset epilepsy or newly diagnosed epilepsy (95% vs 79%). This may reflect a greater sense of urgency at some centres for the detection of resectable lesions in patients with established epilepsy who are medically refractory. It may also reflect the fact that a proportion of first seizures have an underlying etiology that is obvious from the clinical context and/or readily identified with routine MRI (eg, toxic or metabolic, post-traumatic). However, it should be noted that the overall spectrum of MRI sequences and sequence parameters used across the 19 institutions does not differ greatly between first seizure and chronic epilepsy.
Early recommendations by the International League Against Epilepsy [11] stipulated that T1-and T2-weighted images should be used with whole brain coverage in a minimum of 2 orthogonal planes. Slice thickness should be kept to a minimum, and volumetric sequences with slice thickness of 1.5 mm should be used. Routine use of gadolinium enhancement was not recommended. It was noted that infants <2 years of age may need repeat imaging in 1-2 years.
More recent recommendations still adhere to these general principles, but they incorporate additional ''essential'' imaging sequences and offer more detailed imaging parameters. For example, recent recommendations are unanimous in incorporating multiplanar FLAIR for lesion detection in adults and children, with the exception of infants [4,12e16] . This does indeed appear to be common practice across Canada. GRE or SWI sequences are considered essential by some authors, because of their ability to reveal lesions that contain calcium or hemosiderin [12, 16] . Currently, these sequences are used less commonly across Canada. A number of additional sequences have been proposed, as they may be helpful in the identification of subtle malformations of cortical development. These include volumetric T2, FLAIR, and double inversion recovery sequences [4, 13, 15] and PD sequences [15] in adults and children. Some of our responding institutions use these sequences. Magnetization transfer imaging has been noted to increase the conspicuity of focal cortical dysplasias at the grey-white junction by suppressing the signal from surrounding healthy white matter in children [13, 15] . A T2-weighted fast inversion recovery sequence has also been suggested to maximize the contrast between grey and white matter in children between 8 and 18 months of age [13] .
However, it appears that these techniques are not used at most Canadian pediatric centres.
Recent recommendations unanimously emphasize the value of orienting coronal images perpendicular to the hippocampus, so that hippocampal anatomy and size can be assessed most accurately [4,12e16] . Some authors recommend orienting axial images to the hippocampus as well, since this aids in the assessment of the hippocampi [12] . Based on the responses to our questionnaire, orientation to the hippocampi is more common for coronal imaging than axial imaging across Canada. Some authors recommend maximizing spatial resolution by increasing matrix and decreasing field of view [13, 15] . We did not assess these parameters.
The most demanding recommendations call for contiguous 3-mm slices for T2, FLAIR, and GRE or SWI sequences, with 1-mm isotropic voxels for volumetric T1-weighted imaging, in an effort to identify the tiniest lesions of clinical relevance [12] . T2 and FLAIR imaging are performed with 3 mm slice thickness and no interslice gap or minimal (0.5 mm) interslice gap at most of our responding institutions. It is important to bear in mind the trade-off between signal to noise and spatial resolution. For example, lesions with subtle T2 hyperintensity may be detected better with thicker slices that are optimized for contrast, rather than spatial resolution [4] . This compromise can be mitigated by higher field strength, which has been associated with increased lesion detection [17, 18] . Field strength of 3T is used for epilepsy imaging in Canada, but it is not universally available. Gadolinium-enhanced imaging is of limited value for the detection of the majority of epileptogenic lesions and may be considered at the radiologist's discretion, when neoplastic lesions or vascular malformations are suspected [4, 12, 15] . Accordingly, it is used selectively at responding centres. MR spectroscopy has been helpful in lateralizing seizures in temporal lobe epilepsy, but lack of reproducibility has limited its clinical use [4] . Similarly, hippocampal volumetry and T2 relaxometry have only added marginally to the sensitivity of imaging evaluation [4] . Given these limitations, it is not surprising that many advanced MRI techniques are used sparingly across Canada. However, diffusion tensor imaging and functional MRI are used, particularly for presurgical workup.
Conclusions
Practices for epilepsy imaging vary across Canada. Each imaging protocol reflects an effort to achieve the optimal balance among spatial resolution, signal to noise, and scan time, using local hardware, software, and human resources. The present study offers insights into the ways in which referral centres across Canada have tried to achieve this optimal balance, and it provides epilepsy teams with a basis for discussion about the development of new epilepsy imaging protocols or the refinement of currently used epilepsy imaging protocols. Further research to assess the added value of advanced MRI techniques is needed, so that epilepsy teams can make informed choices about the incorporation of these techniques into routine practice.
